ABSTRACT White-tailed deer treated themselves with a commercial pour-on acaricide formulation containing 2% amitraz as they fed from an ARS-patented Ô4-posterÕ topical treatment device. Whole kernel corn attracted deer to a single device placed in each of two deer-fenced pastures. In the treatment pasture, the rollers of the treatment device were charged with the acaricide, whereas the rollers of the device in the other pasture remained untreated. Deer were allowed to use the Ô4-postersÕ during periods of tick activity beginning in early to midspring and lasting through late summer to early fall for three consecutive years. Pretreatment sampling of adults and nymphs with dry-ice traps and larval masses with ßip cloths showed no signiÞcant differences in population indices between the two pastures; however, after the third year of treatment, control of nymphal and adult ticks in the treated pasture was 91.9 and 93.7%, respectively, when compared with the untreated pasture. Control of larval masses increased from 68.4% in year 1 to 96.4% in year 2, but declined to 88.0% in year 3, probably because of the presence of feral hogs. This study demonstrated that application of amitraz to white-tailed deer through free-choice interaction with a Ô4-posterÕ device signiÞcantly reduced the abundance of free-living lone star ticks in a deer-fenced experimental pasture. Moreover, the yearly pattern of incremental increases in control and the Þnal percentage control values for all three parasitic life stages in this topical application study were similar in magnitude to that observed in a previously conducted study in which the systemic acaricide ivermectin was used to reduce populations of free-living ticks by controlling ticks on deer.
WHITE-TAILED DEER, Odocoileus virginianus
, is the primary large wild host for the parasitic stages of the lone star tick, Amblyomma americanum (L.) (Patrick and Hair 1978; Bloemer et al. 1986 Bloemer et al. , 1988 and the presumed primary vector species for the agent causing human monocytic ehrlichiosis, Ehrlichia chaffeensis Anderson, Dawson, Jones & Wilson (Lockhart et al. 1996) . White-tailed deer are also the keystone host, maintaining populations of the blacklegged tick, Ixodes scapularis Say, and are the primary host for adults of this tick (Barbour and Fish 1993) that transmits the agent causing Lyme disease, Borrelia burgdorferi Johnson, Schmid, Hyde, Steigerwalt, & Brenner, in the eastern United States. In a study in which the systemic acaricide ivermectin was used to control lone star ticks feeding on white-tailed deer, Pound et al. (1996) demonstrated the importance of whitetailed deer as major hosts in the maintenance of lone star tick populations and the potential for acaricide treatment of white-tailed deer in reducing populations of free-living ticks.
In the United States, the FDA labeled the use of ivermectin in food animals as requiring a withdrawal time to enable clearance of the drug from foodstuff to be consumed by humans. Therefore, it is unlikely that it would be approved for use in deer to control the fall cohort of adult blacklegged ticks that feed on deer from October through December, a time that coincides with the deer hunting season. However, a systemic acaricide perhaps could be used to control the spring cohort of adults after close of the hunting season. As an alternative to the use of a systemic acaricide, Pound et al. (1994 Pound et al. ( , 2000 developed, constructed, and patented the Ô4-posterÕ topical treatment device that passively applies acaricide to the head, neck, and ears of deer as they feed from the device. If the efÞcacy of such a device were sufÞcient to signiÞcantly reduce free-living populations of ticks by using an acaricide that could be registered for use without a withdrawal period between treatment and slaughter, then perhaps the device could be used to control adult blacklegged ticks that feed on deer during the hunting This article represents the results of research only. Mention of a proprietary product does not constitute and endorsement or a recommendation by USDA for its use.
In conducting the research described in this report, the investigators adhered to protocol approved by the U.S. Department of Agriculture, Agricultural Research Service Animal Welfare Committee. The protocol is on Þle at the USDA-ARS, Knipling-Bushland U.S. Livestock Insects Research Laboratory, Kerrville, TX.
season. The objective of this 4-yr study was to determine the efÞcacy of the acaricide amitraz applied to pastured white-tailed deer using a Ô4-posterÕ device in controlling free-living populations of lone star ticks.
Materials and Methods
During 1995 (pretreatment year), weekly dry-ice (all year) and ßip-cloth (only during the period of larval activity) samples described by Pound et al. (1996) were taken from two previously untreated pastures to establish comparative indices of free-living tick populations also described by Pound et al. (1996) . Both pastures were deer-fenced; one pasture was 22.3 ha, and the other was 14.9 ha. Subsequently, the larger pasture was selected as the treatment pasture because of the numerically greater tick population index.
The sampling strategy attempted to minimize temporal, climatic, and vegetative variation by sampling both pastures on the same day and sampling in areas of similar vegetation Pound et al. (1996) . Numbered metal tags were placed at 45.7-m intervals on the perimeter fences of the rectangular pastures, and a matrix corresponding to these intervals was drawn on aerial photographs of the pastures. Each square was numbered for identiÞcation. One day each week a numbered square was selected at random from one pasture, and this square and a square with a numerically similar proportion of closed canopy from the other pasture were sampled. These same sites were not sampled more than once each year. Weekly dryice samples for nymphs and adults at each site consisted of 20 1-m 2 smooth white nylon cloths with small blocks (Ϸ85 g) of dry-ice in the center. These cloths were placed around the inner perimeters of the 45.7 by 45.7-m sites, allowed to remain for 1 h, and ticks were counted and returned to the pasture. Larva masses were sampled by ßipping a 1-m 2 nylon cloth stretched over a rigid frame 100 times in each pasture. The cloth was examined after each ßip, and the numbers of larval masses were counted.
In 1996 (year 1 of treatment), nine deer conÞned in the treatment pasture were allowed to feed ad libitum on whole kernel corn from a single Ô4-posterÕ device, and consequently treated themselves with PointGuard (2% pour-on formulation of amitraz, Hoechst Roussel Vet, Warren, NJ). The device contained an on-demand deer-activated acaricide reservoir system (Pound et al. 2000) that kept the rollers charged with acaricide. The smaller, nonadjacent, control pasture also contained nine deer allowed to feed ad libitum from a similar Ô4-posterÕ device not charged with acaricide. Treatment continued from 3 May through 18 September 1996. Nymphal and adult ticks were sampled weekly throughout the year using the dry-ice technique, and larval masses were sampled weekly from June through September using the ßip-cloth procedure (Pound et al. 1996) .
Treatment was resumed from 24 January through 3 November 1997 (year 2 of treatment) and from 27 January through 23 October 1998 (year 3 of treatment). However, during these 2 yr, the on-demand reservoir system method of charging the rollers was replaced with a weekly, manual application of 20 ml of acaricide to the tops of each of the four rollers for a total of 80 ml per Ô4-posterÕ per week. Dry-ice samples to determine indices of nymphal and adult populations were made weekly during year 2 and year 3 of treatment, and ßip-cloth samples for larval masses occurred weekly from 19 March through 27 October during year 2 and from 5 May through 5 October during year 3 of treatment.
Comparisons of free-living tick population indices between the treatment and control pastures both by month and by year were analyzed using a t-test with the Cochran and Cox approximation of the probability level of the approximate t statistic for the unequal variance situation (SAS Institute 1987) . Percentage control values comparing tick indices in treatment versus control pastures were calculated using AbbottÕs formula (Abbott 1925) . Negative control values indicate that numerically greater numbers of ticks were sampled in the treatment pasture than in the control pasture.
Results
As a result of comparisons of pretreatment tick samples taken during the pretreatment year (1995), the pasture with numerically greater indices of freeliving adult, nymphal, and larval ticks (Table 1) was selected as the treatment pasture and received an acaricide-charged Ô4-posterÕ device during treatment periods over the following 3 yr (Pound et al. 2000) . These data indicated that tick densities were either biologically (indices of adults differed by only 0.3%) or statistically (nymphal indices were not signiÞcantly different) similar in both pastures before treatment; therefore, deer initially were exposed to relatively similar populations of ticks the following year, as treatment was begun.
During year 1 of treatment (May through September 1996), 2000 ml of Point-Guard was passively dispensed to nine deer over a 139-d period for an average dosage of 1.6 ml per deer per day. The application rate was the combined result of speciÞc physical and mechanical properties of the device, temperature induced variation in viscosity of the oil-based acaricide formulation, and variation in the number of visits, intensity of pressure on the valving system during feeding, and duration of use of the device by individual deer during the treatment period. Because of concerns for these possible variations, we elected to manually apply the acaricide during the two following years.
Except for larval and nymphal comparisons the pretreatment year, all comparisons of yearly sampling data for larval, nymphal, female, male, and adult ticks were signiÞcantly lower in the treatment pasture than in the control pasture (P Յ 0.05, Table 1 ), and consequently all percentage control values calculated by AbbottÕs (1925) formula were positive. With exception of the percentage control of larvae between year 2 and year 3 of treatment, the percentage control values for all tick stages increased yearly, as a result of the acaricide treatment.
Before treatment, the sampling indices showed signiÞcantly fewer females (10.8%, Table 1 ) and significantly more males (7.1%) in the treatment pasture; however, when combined and compared together as a single category, adults in the pastures differed by only 0.3%, with the greater numbers of adults being sampled in the treatment pasture. After the initiation of treatment, the yearly percentage control values for adults increased from Ϫ0.3% to 22.2, 86.4, and 93.7% during year 1, year 2, and year 3 of treatment, respectively.
During the pretreatment year, t-test comparisons with the Cochran and Cox approximation of the probability level (SAS Institute 1987) of monthly adult tick abundance showed only 2 mo (April [P Ͼ FЈ ϭ 0.0249] and May [P Ͼ FЈ ϭ 0.0045]) with signiÞcant differences between treatment and control pastures (Fig.  1 ). There were more ticks sampled in the treatment pasture in April, yet more were sampled in the control pasture in May. During year 1 of treatment, indices of adult ticks differed signiÞcantly during 3 mo (July Yearly percentage control values for nymphs followed a somewhat similar pattern as that of adults. The pretreatment comparison was not statistically signiÞ-cant, but numerically there were 9.7% more ticks sampled in the treatment pasture (Table 1) . As with adults, the percentage control values for nymphs increased sequentially to 40.3, 87.0, and 91.9% during year 1, year 2, and year 3 of treatment as a result of the acaricide treatment.
Pretreatment comparisons of nymphs between treatment and control pastures showed four signiÞ-cantly different monthly samples (Fig. 2) , with a greater number of ticks being sampled in the treatment pasture during April (P Ͼ FЈ ϭ 0.0183), and greater number being sampled in the control pasture in January (P Ͼ FЈ ϭ 0.0036), June (P Ͼ FЈ ϭ 0.0336), and September (P Ͼ FЈ ϭ 0.0193). During year 1 of treatment, signiÞcant differences were observed in the two monthly comparisons of March (P Ͼ FЈ ϭ 0.0155) and July (P Ͼ FЈ ϭ 0.0229), wherein both of these the indices of abundance were greater in the control pasture. As with adults, all 13 of the signiÞ-cantly different monthly comparisons during years 2 and 3 of treatment showed fewer ticks in the treatment pasture. During year 2 of treatment, there were Þve signiÞcant comparisons during February (P Ͼ FЈ ϭ 0.0152), April (P Ͼ FЈ ϭ 0.0005), May (P Ͼ FЈ ϭ 0.0001), June (P Ͼ FЈ ϭ 0.0032), and August (P Ͼ FЈ ϭ 0.0017), and during year 3 of treatment there were eight signiÞcant comparisons, February (P Ͼ FЈ ϭ 0.0002), April (P Ͼ FЈ ϭ 0.0006), May (P Ͼ FЈ ϭ 0.0000), June (P Ͼ FЈ ϭ 0.0004), July (P Ͼ FЈ ϭ 0.0001), August (P Ͼ FЈ ϭ 0.0016), September (P Ͼ FЈ ϭ 0.0000), and October (P Ͼ FЈ ϭ 0.0010). The pretreatment comparison of larval masses between treatment and control pastures, like that of nymphs, was not statistically signiÞcant, but numerically there were 25.0% more larval masses sampled in the treatment pasture (Table 1 ). During year 1 of treatment, the percentage control value increased to 68.4%, and during year 2 of treatment it again increased to 96.4%. However, during year 3 of treatment the percentage control dropped to 88.0%, possibly as a result of replete female ticks detaching from feral hogs (Sus scrofa L.) that broke through the fence and entered the treatment pasture. Only three larval masses were sampled in the treatment pasture over the 23-wk sampling period, whereas 25 larval masses were sampled in the control pasture. These three masses all were sampled on a single rotation of the 100 rotation ßip-cloth sample during the Þrst week of July of year 3 of treatment at a location near the broken fence where hogs had previously entered and exited the pasture. 
Discussion
Analyses of data from weekly samples of free-living lone star ticks both by dry-ice trapping for nymphs and adults and ßip-cloth sampling for larval masses (Figs. 1Ð2; Table 1) showed that use of the Ô4-posterÕ selftreatment device as a means of applying amitraz to white-tailed deer during three consecutive seasons of tick activity caused a signiÞcant reduction in the population of free-living ticks. With the exception of control values for larval masses for year 3 of treatment, the tick control values for all other sexes or life stages sampled (females, males, adults, and nymphs) increased numerically during each year during the 3 yr of treatment.
These data are remarkably similar to the sequentially increased level of control observed in a previous study that used ivermectin-medicated corn as a systemically active acaricide to control ticks feeding on white-tailed deer in a large conÞned pasture (Table 2, Pound et al.1996 and J.M.P., personal communication) . Both this study and the ivermectin-medicated bait study, similarly designed, involved large enclosed pastures and acaricide treatment during the period of tick activity for three consecutive years. After 3 yr of treatment, the Þnal percentage control values for freeliving lone star ticks from both the Ô4-posterÕ and ivermectin-medicated bait technologies were comparable, with 93.7 versus 92.0% control of adults, 91.9 versus 92.6% control of nymphs, and 88.0 versus 100% control of larvae, respectively. In addition to these similarities, there also were surprising degrees of similarity in the rates at which yearly control values for adults, nymphs, and larvae ascended incrementally toward these Þnal values.
As comparative estimates of the increments of yearly percentage increases in control, sequential differences in percentage control values for adult ticks were calculated for the present Ô4-posterÕ study and for the previous ivermectin-medicated bait study (Tables  1 and 2 ; Pound et al. 1996 and J.M.P., personal communication). Differences in percentage control values of adults for the Ô4-posterÕ study versus the ivermectin study showed similar incremental increases of 22.5 versus 21.5, 64.2 versus 54.4, and 7.3 versus 8.6%, after year 1, year 2, and year 3 of treatment, respectively. The percentage differences for both the Ô4-posterÕ and ivermectin studies increased substantially from year 1 through year 2 of treatment by ratios of 2.85 and 2.53 times, respectively, yet they increased by only 0.11 and 0.16 times from year 2 to year 3 of treatment to relatively similar Þnal control values for adults of 93.7 and 92.0%.
At the beginning of the year 1 of treatment the full complement of adults and nymphs that overwintered from the pretreatment year formed a sizable cohort of free-living ticks to be controlled. In addition, samples of adults during the year 1 of treatment included both overwintered adults that did not or had not yet come into contact with treated deer, as well as adults that developed later in the year from nymphs that fed and detached from untreated deer or other animals that inhabited the pasture.
Treatment during year 1 not only directly reduced numbers of free-living adults, nymphs, and larvae by controlling those that contacted treated deer, but fewer larvae were produced from the fewer females that successfully fed to repletion and oviposited in the treatment pasture. In turn, fewer nymphs were derived from these remaining larvae, and few nymphs overwintered to the beginning of year 2 of treatment. Likewise, as a result of the paucity of nymphs that fed to repletion on the treated deer during the year 1 of treatment, fewer adults were produced to overwinter and become the spring adult cohort during year 2 of treatment. Thus, the greater percentage control values for adults during year 2 of treatment (Tables 1 and 2 ; Pound et al.1996 ; and J.M.P., personal communication) versus year 1 resulted from the compounding effects of fewer adults overwintering to year 2 of treatment, fewer nymphs overwintering that potentially could feed on untreated mammalian hosts and develop to adults during year 2 of treatment, and adults directly being controlled from contacting treated deer.
Differences in control values for adults did not increase as dramatically between year 2 and year 3 as from year 1 to year 2 of treatment (Table 2) . This difference primarily was because the compounded efÞcacy of year 1 and year 2 of treatment had already produced relatively high control values for adults of 86.4 and 83.4% in the Ô4-posterÕ and ivermectin studies, respectively. Thus, a relatively small percentage of ticks remained to be controlled in the treatment pastures. Moreover, immature lone star ticks (larvae and nymphs) have a low degree of host-speciÞcity, thus in addition to white-tailed deer, they also fed readily on a variety of other mammals, birds, and reptiles that frequented the pasture. Therefore, the upper limit of control for adults in both studies likely was mitigated by nymphs that developed to adults from feeding on alternative hosts that also inhabited the treatment pastures.
As calculated above for adults, sequential differences in nymphal percentage control values for the Ô4-posterÕ versus the ivermectin studies were 50.0 versus 47.2, 46.7 versus 33.7, and 4.9 versus 0.2%, after year 1, year 2, and year 3 of treatment, respectively (Tables  1 and 2 ; Pound et al. 1996 ; and J.M.P., personal communication). However, unlike the ratios of 2.85 and 2.53 for respective differences in control values for adults from year 1 through year 2 of treatment in the Ô4-posterÕ and ivermectin studies, the ratios for nymphs during the same time periods were 0.93 and 0.71. The differences from year 2 through year 3 for nymphs in these studies dropped to 0.10 and 0.01, which were somewhat similar to those mentioned previously for adults of 0.11and 0.16. As in adults, the Þnal percentage control values for nymphs were similar in both the Ô4-posterÕ study (91.9%) and the previous ivermectin study (92.6%).
Differences in control values for nymphs during year 1 of treatment in both the Ô4-posterÕ and ivermectin bait studies of 50.0 and 47.2%, respectively, were roughly twice that of the 22.5 and 21.5% observed for adults during this same period (Table 2) . Similar to adults, during year 2 of treatment, some nymphs that overwintered from the pretreatment year to year 1 of treatment were controlled directly as they contacted treated deer during the year. The major differentiating factor that resulted in higher differences in control values for nymphs was that, unlike the nymphal cohort that overwintered to year 1 of treatment and developed to adults as result of feeding on alternative hosts, larvae do not overwinter in this part of Texas (Pound et al. 1996) . Thus, there was no overwintered cohort of larvae that could feed on alternative hosts, develop into nymphs, and supplement the overwintered nymphal population during the year 2 of treatment.
No pretreatment larval sampling was done in the ivermectin study; therefore, data are not available to compare against the 93.4% difference in control values observed between the pretreatment year and year 1 of treatment in the Ô4-posterÕ study (Table 2) . However, the differences of 28.0 versus 23.8% between year 1 and year 2 of treatment for the Ô4-posterÕ and ivermectin studies, respectively, were not only similar, but these increases resulted in similar overall percentage control values after the second year 2 of treatment of 96.0 and 100.0%. During year 3 of treatment, control of larval masses remained at 100% in the ivermectin study, however, the larval control value dropped to 88.0% in the Ô4-posterÕ study, probably as a result of gravid females detaching from feral hogs that gained entrance into the pasture. Regardless, both treatment regimes resulted in roughly 68% or greater control of larval masses during the year 1 of treatment and 96% or greater control by the end of year 2.
It is evident from these comparisons that both the Ô4-posterÕ and ivermectin-medicated bait technologies, when properly deployed to control ticks feeding on white-tailed deer, are efÞcacious in reducing freeliving populations of lone star ticks in large deerfenced pastures. It remains to be determined, however, what levels of control might be achieved by use of these technologies in unrestricted forest or even suburban settings and in different ecological and environmental situations where deer are free to feed from or move relative to treatment devices. Currently, studies at both restricted and unrestricted sites in the northeastern United States are being conducted to test the efÞcacy of the Ô4-posterÕ device in dispensing Point-Guard onto white-tailed deer in efforts to control adult blacklegged ticks feeding on the deer to ultimately reduce free-living populations of nymphal ticks and thereby reduce the risk of humans contracting Lyme disease and other tick-borne diseases.
